Abstract. Fine needle aspiration (FNA) is a sensitive and specific method (95%), often helpful in characterizing suspected liver lesions. It is appropriate to distinguish between primary and secondary liver neoplasia. Moreover, in most cases, the use of cell block preparations of small specimens allows immunocytochemical evaluation to determine the nature of the primary tumour. In a retrospective study at Hannover Medical School (MHH) from 1998 to 2012 (14 years), 4,136 sonographically guided FNAs were performed. The patients provided consent and the study protocol was approved by the local ethics committee. There were 39.6% malignant and 57.5% benign lesions in the liver, while 2.8% of the cases were undetermined. FNA was non-representative in 1.1% of the cases. The diagnostic utility of highly differentiated hepatocellular carcinoma (HCC; G1) remains difficult; cell bridges with cell atypia are pathognomonic for diagnosis. Ancillary techniques and immunocytochemical investigations will increase the sensitivity and specificity, particularly by using the cell block technique.
Introduction
Fine needle aspiration cytology (FNAC) has great value in determining the histogenesis of suspected liver nodules (1) (2) (3) . The main role of diagnostic cytology is the differentiation between primary and secondary liver tumours as well as to confirm malignancy by exclusion of inflammatory nodules including simple cysts and granulomatous nodules such as tuberculosis or sarcoidosis (4) (5) (6) . The only contraindication of FNAC is improper coagulation by a low number of platelets (7) .
FNAC has the advantage of being a non-aggressive method with a low risk for complications (2, 8) . Successful FNAC provides cells and tissues that are extremely useful for the diagnosis conducted by biopsy specimens (9) .
The sensitivity and specificity of FNAC from liver nodules in the retrospective study was ~90% after examining more than 4,000 cases at the Institute of Pathology at Hannover Medical School (MHH).
The aim of this retrospective study was to detect the validity of FNAC in determining the malignancy of liver nodules and to differentiate between primary tumours and metastasis.
Overview of the aetiology of liver nodules. The aetiology of liver nodules vary and two main types, solid tumours and cystic liver lesions, are observed. Solid tumours include i) tumours with abnormal contrast-enhanced ultrasound (CEUS); ii) malignant tumours; iii) metastasis in the liver by the presence of primary tumours in other organs; and iv) tumours after adjuvant therapy to detect vitality and regression. Cystic liver lesions include: i) histogenesis (abscess, simple cyst, haemorrhage); ii) cystic degeneration in a malignant tumour (mucin); and iii) parasites (hydatid cyst), bacteria, hyphae or actinomycosis.
Contraindication of FNAC of the liver includes: i) improper coagulation/coagulopathy (quick <50%, PTT >50%, thrombocytes <50.000/µl; ii) therapy with heparin, coumarin or aspirin; iii) ascitis; iv) lack of consent from the patient; v) eating a meal before the procedure; and vi) absence of family or medical history.
Cytological appearance of normal liver cells. The cytological appearance of normal cells in smear slides are as follows. Normal liver cells are polygonal cells either isolated or in groups of cells (6-8 cells) . Focal lipofuscin is detected in older patients. The cytoplasm is distinct, wide and stained red in haematoxylin and eosin (H&E) preparation by the presence of many mitochondria. The nucleus is central and round. The chromatin is finely clumped but regular. The nucleolus is central and stained red in H&E. In ~25% of liver cells, there are two nuclei. Nuclear inclusions are found in liver cells of older patients or patients with diabetes mellitus (Fig. 1A) .
Bile duct cells are cubical or columnar cells, isolated or in groups. The cytoplasm is narrow and stained bright-red in In benign, non-neoplastic nodular lesions of the liver in FNAC, the liver cells show cytoplasmic changes as well as the accumulation of metabolic products can be detected in metabolic intolerance or toxic disturbances as well as by enzymatic inborn diseases. For example, the detection of fat globules enhances the diagnosis of fatty liver; the detection of iron in the cytoplasm enhances the diagnosis of siderosis or hemochromatosis as well as possible after blood-transfusion. The detection of accumulated copper in the cytoplasm may be indicative of wilson syndrome.
FNAC is of limited value to detect the aetiology of liver cirrhosis, yet of value to document the presence of fibrosis ( Fig. 2A-d) . The role of special pigments is important in detecting accumulated materials: iron (Perls' Prussian blue) appears as intracytoplasmic dark blue, lipofuscin (H&E) appears as perinuclear yellow brown pigment, melanin appears as dark blue to black pigment, and bile pigment appears as dark green or black.
Fatty liver is due to accumulation of triglycerides. Cytoplasmic vacuoles are observed. The aetiology is primarily an error in the metabolism of fat, for example hypertriglyceridemia, a high-level of cholesterol and triglycerides due to alcohol, diabetes mellitus, hypoxia or bad nutrition. In the cytoplasm, fine to coarse vacuoles can be noted that push the nucleus to the periphery. It is not a special indication for FNA as it can be diagnosed either by cytology or by biopsy.
Cholestasis is due to intracellular accumulation of bilirubin and appears as red green pigmentation either in the liver cells or in the sinusoids. This is caused by bile duct stones, metabolic inborn error, malignant tumours (obstructive cholestasis), or by infection as well as medications. The aetiological detection of different types of cholestasis is cytologically impossible.
Inflammation of the liver leads to unspecific cellular changes. Therefore, FNAC is helpful in detecting the aetiology yet not in cases of viral hepatitis. In abscesses, there are neutrophils, macrophages, necrosis or apoptosis and liver cells with regenerative changes. In granuloma, this is an incidental diagnosis in FNAC, particularly if thick needles are used. There is cellular accumulation of macrophages, lymphocytes and plasma cells. In cysts, there is a detection of a cavity in the liver. The cause of cystic changes is congenital and simple (Fig. 8) , echinococcus and secondary changes in the tumour. In congenital and simple cysts, there are macrophages, fluid in the background and metaplasia in the cells, bile duct cells, possibly mucus in cases of cystic mucoid tumour or parasitic cysts. In echinococcosis, dirty background, inflammatory cells, spikes and PAS-positive material are noted. In secondary cysts, due to degeneration of tumours they appear cytologically with dirty background and atypical cells. In liver cirrhosis, FNAC is of no value in detecting the aetiology of cirrhosis but may be of value in the differentiation between regenerative nodules and early phase of well-differentiated liver cell carcinoma. There are many cells in groups or rosettes. The cells show regenerative changes with nuclear pleomorphism and anisokaryosis. Many cells have two nucleoli. The chromatin is regular. The cells also show a broad cytoplasm and distinct cell membrane. Cholestasis appears in the sinusoids or in the liver cells. In toxic aetiology, the cells show many fat droplets. In the background, there are many stroma or endothelial cells. Bile duct cells may also present either in groups or in rosettes. For neoplastic liver lesions (wHo, 2010) refer to Table v and for secondary tumours: lung, breast, pancreas, colon and stomach refer to Table III .
Cytological characteristics of benign liver cell tumours
Liver cell adenoma. Here there is no cirrhosis. There are no parenchymatous changes in the surrounding tissue. Ultrasonography appears as cystic degeneration in the tumour. FNAC is contraindicated due to haemorrhagic risk. Cytologically, there are monomorphic cells arranged in pseudoacinar formations. The cells show minimal nuclear atypia with granular chromatin and a large nucleolus. The cytoplasm is light and distinct with vacuoles. In the background of the smear there is excessive necrosis, blood, macrophages with bile pigment and inflammatory cells. liver cell adenomas are classified into 4 groups according to genetic changes (Bordeaux Classification) (10,11): i) liver cell adenoma with HNF1α inactivation; ii) liver cell adenoma with β-catenin activation (high risk of progression to carcinoma); iii) liver cell adenoma with inflammatory changes; and iv) liver cell adenoma, not otherwise specified. 
Focal nodular hyperplasia (FNH). Focal nodular hyperplasia is cytologically impossible.
Cavernous haemangioma of the liver. Cavernous haemangioma is an incidental diagnosis due to the use of thick needles in FNAC or in autopsy specimens. Cytologically (Fig. 3A-C) , there is a background with blood and endothelial cells. Many liver cells are also present. The diagnosis should be made concomitantly with radiologic diagnosis.
Liver cell dysplasia. liver cells show nuclear pleomorphism, and atypia is common in cases with liver cell cirrhosis. Cases (5-40%) with liver cell cirrhosis are complicated by liver cell dysplasia and carcinomas. Investigation with FISH is useful to detect aneuploidy which may be a criterion to detect hepatocellular carcinoma (HCC) (12) . Edmondson and Steiner (13) ] Hepatocellular carcinoma. HCC presents widely in Asia and Africa in comparison with Europe. It is associated with hepatitis B and C and is more common in men than in women (4:1). Cases (90%) are preceded by liver cirrhosis. different grades of liver cell carcinoma have different cytological features. In HCC (G1), the smears show many cells and a clean background. The cells are arranged in rosettes. The atypical cells are smaller than normal cells. The nuclei are round with a prominent nucleolus. The cytoplasm is stained light red with a disturbed nuclear/cytoplasmic ratio. In HCC, the fibrolamellar type appears cytologically as abnormal strands of liver cells with fragmentation of the stroma and cytoplasm stained red due to mitochondria. The diagnostic feature is the formation of bridges of endothelial cells (Fig. 4) . In HCC (G2), the smears are rich with abnormal strands of cells. The liver cells show atypical changes such as increased nuclear/ cytoplasmic ratio. The nucleus appears large with clumped chromatin and irregular nuclear membrane. The nucleolus is large and prominent. The cytoplasm is narrow and irregular. Some show mitotic images. Clear cell type shows positive glycogen with PAS staining (Fig. 5) . In HCC (G3), the former criteria of atypical changes are in the liver cells with aggressive fragmentation of the stroma as well as formation of bridges of endothelial cells. Irregular cell and nuclear membranes are present. Necrotic changes in the background (Fig. 6 ) are noted. In HCC (G4), there is prominence of the atypical changes in the liver cells, appearing not only in groups yet also in Bile duct carcinoma. In bile duct carcinoma, due to marked desmoplasia that accompanies adenocarcinoma of the bile tract, the smears show a small number of cells. The cells are arranged in groups or in glands. They show peripheral nuclei with polymorphic changes. The cytoplasm is lightly stained with vacuoles. PAS staining shows positive vacuoles (Fig. 7) .
Cytological features of malignant liver cell tumours [grading according to
Hepatoblastoma. In hepatoblastoma, the smears are rich with cells and necrotic debris. The cytoplasm is narrow. The cells show indistinct cell and nuclear membranes. There are many prominent nucleoli with atypical mitosis and increased nuclear/ cytoplasmic ratio. Stromal cells and squamous metaplasia are present. Extramedullary haematopoiesis is sometimes present (Fig. 8A) .
Metastasis. In regards to metastasis in the liver, cytomorphologic, immunohistochemical and clinical data are important for the diagnosis. FNAC is a helpful method in the differentiation between primary tumours and metastasis (Figs. 8B and 10B). For example, i) in colorectal carcinoma, groups of cells with necrosis and inflammatory cells are observed. Cubical cells with atypical changes (Fig. 9A) are noted. ii) In squamous cell carcinoma, there are large cells with a wide cytoplasm and tail. iii) In neuroendocrine carcinoma, there are rosettes of cells with monomorphism (Fig. 10A) ; and iv) in lymphoma, isolated cells with little cytoplasm and pleomorphism are observed. The immunocytochemical (IH) ( Table Iv) smears is helpful yet due to few cells, may be difficult to use. To enhance the use of ancillary techniques such as IH or FISH, it is recommended to process the samples as a cell block. Some metastases, for example from pancreas adenocarcinoma (Fig. 9B) , are difficult to diagnose accurately even after use of ancillary techniques. This is also the case in the equivalent biopsy (Fig. 9B) . Alkaline phosphatase is positive in all cases of HCC and negative in all cases of metastasis.
Materials and methods
All samples were processed in our institute and stained with Giemsa and PAS stains as conventional methods at the Institute of Pathology at the Hannover Medical School (MHH). They were compared with the histological specimens that were processed at the same institute. The patients were informed that probable studies may be performed and they provided consent. The retrospective analysis of the present study was approved by the local ethics committee.
Results
Cytological examination of 4,136 (FNAC) specimens from 1998 to 2012 found that ~39.6% of the cases were malignant, 57.5% were benign and ~2.8% had unclear cytology. Approximately 1.1% of the specimens were not sufficient for diagnosis (Table I ). In the malignant cases, 40% were liver cell carcinoma, 10.4% were bile duct carcinoma (CCC) and ~48.5% were metastasis (Table III) .
Discussion
FNAC is the method of choice to detect the aetiology of the majority of abnormal nodules of the liver. It is a sensitive and non-aggressive, cost effective and rapid method and with proper processing and experience, the nodules can be easily diagnosed. For unclear tumours, it is preferable to process samples by cell block techniques to enhance the use of ancillary techniques such as immunocytochemistry or FISH. In this retrospective study (1998-2012), 4,136 FNAC were carried out from patients at the MHH, and diagnosed at the Institute of Pathology. The majority (97.1%) were correctly diagnosed in comparison to the corresponding histopathology. The remaining cases could not be accurately diagnosed due to few samples or the inability to perform immunocytochemistry.
In conclusion, the detection of bridges from endothelial cells is the pathognomonic feature of the diagnosis of HCC.
